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(54) CONTROL METHOD AND DEVICE FOR ARRAY ANTENNA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate distortions 
such as the local drops in the spectra of the entire 
bands and to finely select a satisfactory beam by 
reconfiguring the result obtained through multiplication 
of the signal of every frequency band where the 
received signal is divided on a frequency axis by a weight 
coefficient that is adaptively controlled. 
SOLUTION: The signals which are received by the 
antenna elements 10-1 to 10-n form a multibeam by a 
space FFT calculation means 1 3. Each beam output of 
the multibeam is divided into (m) pieces of frequency 
bands on a frequency axis by each of m-th order FFT 
calculation means 14-1 to 14-n. These obtained sub- 
bands (divided frequency bands) are multiplied by a 
weight coefficient through coefficient multiplication 
means 15-1-1 to 15-m-n and then added to the sub- 
bands of the same frequency band with each beam 
output by addition means 16-1 to 16-m respectively. 
The obtained (m) pieces of output are inputted to a 

reverse FFT calculation means 17, and the signals of (m) pieces of time regions are restored by 
means of (m) pieces of input which are obtained at the some time. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The control approach of the array antenna which divides an input signal on a frequency 
shaft, carries out the multiplication of the weighting factor controlled by the signal of each 
divided frequency band accommodative, and is characterized by to reconfigurate each result 
which carried out multiplication to the signal on a time-axis in the control approach of the array 
antenna which controls the weighting factor of the ecad array antenna which forms a radiation 
beam accommodative according to change of an electric-wave environment accommodative. 
[Claim 2] In the control approach of an array antenna of controlling the weighting factor of the 
ecad array antenna which forms a radiation beam accommodative according to change of an 
electric-wave environment accommodative, and performing digital signal processing Give space 
FFT to the input signal of each component antenna, and a fixed rectangular cross multi-beam is 
generated. The multiplication of the weighting factor which divided each rectangular cross multi- 
beam power of all concerned into the frequency domain, and was controlled by the signal of each 
divided frequency band accommodative is carried out. The control approach of the array antenna 
characterized by totaling this multiplication result for every frequency band, processing each 
total output for every frequency band, and restoring to the signal of a time domain. 
[Claim 3] The control approach of the array antenna according to claim 2 which gives FFT of a 
time domain to said each rectangular cross multi-beam power of all, divides into a frequency 
domain, carries out reverse FFT processing of each output which totaled the multiplication result 
of having carried out the multiplication of said weighting factor, for every frequency band, and is 
restored to the signal of a time domain. 

[Claim 4] The control approach of the array antenna according to claim 2 or 3 which compares 
for every frequency band and chooses only a predetermined number of beams in the light of 
predetermined criteria of having divided two or more beam power. 

[Claim 5] Said each rectangular cross multi-beam power of all is divided into a subband in a 
frequency domain. The subband output which does not contain the signal component of choice 
since the subband output and the signal wishing reception which are acquired by having sampled 
on the frequency higher than a Nyquist rate among the divided subband outputs have received 
the band limit is not supplied to the latter part as 0. The control approach of the array antenna 
which a publication makes any 1 term of claims 2-4 which carry out the multiplication of the 
weighting factor which supplied only the subband which hits the passband of the signal of choice, 
and was controlled accommodative by the signal for every supplied subband. 
[Claim 6] The analog / a digital signal conversion means to change each component antenna 
output into a digital signal from an analog signal in the control device of the array antenna which 
consists of two or more component antennas, A signal orthogonalization means to divide into a 
rectangular signal the signal outputted from this analog / digital signal conversion means, A 
space FFT count means to give space FFT to the signal train outputted from this signal 
orthogonalization means, and to generate a rectangular cross multi-beam, The band division filter 
which performs a frequency division for each beam power obtained with this space FFT count 
means in a subband in a frequency domain, A weighting-factor count means to calculate a 
weighting factor by calculating a weighting factor accommodative, The weighting-factor 



http://www4.ipdf.inpit.go.jp/cgi-bin/to 2007/09/14 



J P,1 1-234025, A [CLAIMS] 



2/2 i/ 



multiplication means which carries out the multiplication of the weighting factor computed by 
said weighting-factor count means to a predetermined number of beam power chosen by said 
space FFT count means, The control unit of the array antenna characterized by including the 
adder which totals each beam power by which multiplication was carried out in the weighting 
factor with this weighting-factor multiplication means for every same subband, and the signal 
reconstruction filter which processes the output for every subband totaled by this adder, and is 
restored to the original band. 

[Claim 7] The control unit of the array antenna according to claim 6 made into a reverse FFT 
count means to perform Reverse FFT to the output for every subband which considered as an 
FFT count means to give FFT of a time domain to each beam power obtained with the space 
FFT count means in said band division filter, and to carry out a frequency division to it in a 
frequency domain at a subband, and was totaled by said adder in said signal reconstruction filter. 

[Claim 8] The control unit of the array antenna according to claim 6 or 7 which established a 
beam selection means to choose a predetermined number of beams from the beam which 
performs the comparison compared with the criteria of predetermined between the subbands 
with each beam same among the subbands divided with said space FFT count means, and meets 
the predetermined criteria. 

[Claim 9] The subband output which does not contain the signal component of choice since the 
subband output and the signal wishing reception which are acquired by having sampled on the 
frequency higher than a Nyquist rate among the divided subband outputs have received a band 
limit is the control unit of an array antenna given in any 1 term of claims 6-8 which established 
an output-control means does not supply the latter part as 0 but supply only the subband which 
hits the passband of the signal of choice. 



[Translation done.] 
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* NOTICES * 

JPO and INP1T are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach of an array antenna and 

equipment which are used for various radiocommunication. 

[0002] 

[Description of the Prior Art] An ecad array antenna gives directivity strong against a certain 
direction by multiplying and compounding a suitable weighting factor to the signal received by 
each antenna element, or makes it possible not to receive as 0 and to carry out sensibility only 
to the signal which comes from the direction in reverse. By supplying a suitable weighting factor 
according to change of an electric-wave environment, such an antenna performs the optimal 
beam shape **, realizes spatial filtering, and it is used in order to avoid interference with other 
radio communications systems. 

[0003] In recent years, application to the mobile communications of the array antenna using 
digital signal processing attracts attention with development of a digital-signal-processing 
technique and the miniaturization of equipment. When application to mobile communication 
system is taken into consideration, the response to a multi-pass phasing environment poses a 
problem. While canceling spatially an interference signal [ **** / signal / of choice /-less ], the 
delay signal of the signal of choice should be incorporated, should carry out in-phase synthesis 
to the signal of choice, and should make S/(N+I) of an output signal contribute to an 
improvement ideally. It is known for reference that the in-phase synthesis of a delay signal has 
effective configuration which performs signal processing on the time-axis which used the delay 
element (TDL;Tapped Delay Line) and configuration which performs signal processing on the 
frequency shaft using a full reconstruction filter. In such reference, they are R.T.Compton, Jr., 
"The Rela-tionship Between Tapped Delay-Line and FFT Processing in Adaptive Arrays", IEEE 
Transactions on Antennas and Propagation, vol.36, No.1, and January 1988. It is. 
[0004] If here shows the conventional array antenna control unit by this reference to drawing 4 , 
the output of each antenna element 41-1 - 41 -Q (Q is a forward integer) will be sampled by A/D 
converter 42-2 - 42-Q with a predetermined sampling frequency, respectively. For every 
antenna element, K samplings obtained by A/D converter 42-2 - 42-Q are once stored in an 
input buffer 43-2 - 43-Q, and are carried out to conversion using FFT 44-2 - 44-Q, and, as for 
K frequency-domain samples of the changed antenna element, the multiplication of the weighting 
factor is carried out respectively. The sample to which the multiplication of the weighting factor 
in every frequency domain of each antenna element was carried out is totaled, is supplied to 
jppj45 f anc j j s reconfigurated by the signal of a time domain. Thus, there is no difference 
essential to the engine performance of two effective configurations mentioned above. However, 
with the configuration which performs frequency band division signal processing, since signal 
processing like the multiplication of a weighting factor to the divided band can be performed to 
juxtaposition and the updating period of a weighting factor can be lengthened, the count load to a 
computer can be mitigated in instrumentation, and it becomes advantageous. 
[0005] In the conventional array antenna which performs frequency band division signal 
processing, an input signal is divided on a frequency shaft, the combination of the filter which 
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reconfigurates this divided signal is needed, and such a filter is called the full reconstruction 
filter. The combination of FFT/IFFT is one of the full reconstruction filters. In case digital signal 
processing is performed, it is effective to adopt the full reconstruction filter by the combination 
of FFT/IFFT also from the problem of a count load. 

[0006] On the other hand, if instrumentation is taken into consideration, relief of the count load 
to the computer to a weighting-factor computational algorithm will pose an important problem. 
As the relief technique of the count load for obtaining a weighting factor, conventionally, a fixed 
multi-beam is beforehand constituted from the preceding paragraph of a weighting-factor 
computational algorithm, and there is a beam space method which carries out signal processing 
to each beam power. In performing signal processing for beam shape ** of an array antenna, this 
beam space method is the technique of forming a beforehand fixed multi-beam as pretreatment 
not using a component output, and performing signal processing to the output of a beam directly. 
As for such a fixed multi-beam, it is common to be formed of Space FFT in the Butler matrix 
and a digital field in an analog field. Since space division is performed by applying a beam space 
method and using the output of the formed fixed beam, it will concentrate on a specific beam 
and the signal power of choice has the merit from which the input signal which has improved the 
S/N ratio is obtained. 
[0007] 

[Problem(s) to be Solved by the Invention] Although it is a band assembled-die array antenna 
with such a merit, when application to mobile communication system is considered, many delay 
signals of the signal of choice produced according to the multi-pass phasing environment exist 
as a description of the environment, and it is raised that the number is usually over the degree 
of freedom of an array antenna. Such an environment makes it easy to lapse into the local 
solution instead of an optimum solution, as an antenna searches for the weighting factor which 
can perform the optimal reception by a certain approach. The engine performance of an array 
antenna is made to deteriorate as a result. 

[0008] Moreover, when actual instrumentation is taken into consideration, since the number of 
the weighting factors which signal processing takes increases in proportion to the degree of FFT 
which performs the element number of an array, and band division, the degree of a weighting- 
factor computational algorithm becomes large, and a frequency-division mold array antenna 
becomes huge [ computational complexity ]. It is known that the capacity which incorporates the 
delay signal of the signal of choice and carries out in-phase synthesis to the signal of choice 
serves as a direct, the degree of FFT, i.e., number of band division, parameter with the 
configuration which performs time-domain signal processing which used TDL in the configuration 
which performs frequency band division signal processing which uses the die length of TDL and 
FFT/IFFT, and the amount of delay in which both sides are in confusion, so that it is long will 
become large. However, this is RLS (Recursive Least Squa-re) to which the number of both 
methods of the weighting factors which should be calculated, so that the capacity to incorporate 
a delay signal is investigated will increase, and computational complexity increases to the cube 
of an input signal. Effect is large when adopting an algorithm like law as a weighting-factor 
computational algorithm. 

[0009] On the other hand, if the signal power of choice can be centralized on a specific beam by 
application of the above-mentioned beam space method, the beam power which does not almost 
have the signal power of choice in reverse will also be obtained. Then, after forming a fixed 
multi-beam from the former, predetermined criteria compare each of that output and there is the 
technique of choosing only a good thing and reducing the number of beams. However, with such 
a configuration, since it is aimed at the perimeter wave number band in comparing power and 
S/N, a beam will be chosen, with the distortion of the spectrum on the frequency shaft it is 
supposed that is easy to be generated especially in broadband communication in a multi-pass 
phasing environment included. For this reason, since this distortion will remain as it is when 
some spectrums of all bands are low selectively, in a time domain, distortion remains in a wave. 
[0010] By this invention's being for solving these troubles, and adopting a beam space method, 
and constituting a full reconstruction filter While being able to avoid distortion of the local 
depression in the spectrum of all bands etc., being able to choose a good beam more finely and 
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being able to improve S/(N+I) of an output signal The output of the subband which does not 
contain the information signal component only for over sampling technique aims at offering the 
control approach of an array antenna and equipment which can reduce computational complexity, 
without dropping delay signal incorporation capacity by supposing that it does not adopt. 
[0011] 

[Means for Solving the Problem] In order to solve the above troubles, this invention applies a 
beam space method to a band assembted-die array antenna. As mentioned above, in performing 
signal processing for beam shape ** of an array antenna, directly, a beam space method forms a 
beforehand fixed multi-beam as pretreatment not using a component output, is the technique of 
performing signal processing to the output of a beam, and has the merit from which the input 
signal which has improved the S/N ratio is obtained. For this reason, when a certain weighting- 
factor computational algorithm searches for the weighting factor which performs the optimal 
reception, it falls and wears in a local solution and there is nothing with Lycium chinense, and it 
becomes easy to search for the combination of a near weighting factor the more nearly optimal. 
[0012] On the other hand, as for the index which chooses the beam choice method in the 
configuration of the conventional beam space method as technique for computational complexity 
relief, the spectrum of all the bands of the input signal concerned had been [ the object of that 
and selection ] applicable why. For this reason, it will be influenced [ distorted ] of the spectrum 
produced in a frequency selective phasing environment. 

[0013] In the control approach of the array antenna which controls the weighting factor of the 
ecad array antenna which forms a radiation beam accommodative as a means for solving this 
trouble according to change of an electric-wave environment accommodative, the multiplication 
of the weighting factor which divided the input signal on the frequency shaft and was controlled 
by the signal of each divided frequency band accommodative is carried out, and each result 
which carried out multiplication is reconfigurated to the signal on a time-axis. Moreover, in the 
control approach of an array antenna of performing digital signal processing, space FFT is given 
to the input signal of each component antenna, a fixed rectangular cross multi-beam is 
generated, the multiplication of the weighting factor which divided each rectangular cross multi- 
beam power of all concerned into the frequency domain, and was controlled by the signal of each 
divided frequency band accommodative is carried out, this multiplication result is totaled for 
every frequency band, each total output for every frequency band is processed, and it restores 
to the signal of a time domain. Therefore, according to this invention, distortion of the local 
depression in the spectrum of all bands etc. is avoided, and a good beam can be chosen more 
finely. 

[0014] Moreover, FFT of a time domain is given to each rectangular cross multi-beam power of 
all, it divides into a frequency domain, reverse FFT processing of each output which totaled the 
multiplication result of having carried out the multiplication of the weighting factor, for every 
frequency band is carried out, and it restores to the signal of a time domain. Furthermore, it 
compares for every frequency band which divided two or more beam power, and only a 
predetermined number of beams are chosen in the light of predetermined criteria. For this 
reason, distortion of the local depression in the spectrum of all bands etc. is avoided, and a good 
beam can be chosen more finely. As a result, S/(N+I) of an output signal is improvable. 
[0015] Furthermore, when an input signal receives an analog / digital signal conversion in 
performing digital signal processing, as for the sampling frequency in that case, it is common to 
be set up more highly than a Nyquist rate. If this condition is seen on a frequency shaft, the 
subband which does not contain the information signal component only for over sampling 
technique will be generated. In the subband which originally does not include an information 
signal, most of the components are noises, and it does not have to give and carry out the 
multiplication of the weighting factor. However, it will contribute to incorporation of a delay 
signal. Therefore, each rectangular cross multi-beam power of all is divided into a subband in a 
frequency domain. The subband output which does not contain the signal component of choice 
since the subband output and the signal wishing reception which are acquired by having sampled 
on the frequency higher than a Nyquist rate among the divided subband outputs have received 
the band limit is not supplied to the latter part as 0. The multiplication of the weighting factor 
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which supplied only the subband which hits the passband of the signal of choice, and was 
controlled accommodative by the signal for every supplied subband is carried out. As a result, 
the output of the subband produced by over sampling technique is supposing that it does not 
adopt, and it can reduce computational complexity, without dropping delay signal incorporation 
capacity. In addition, the approach of such a computational complexity cutback is impossible with 
the configuration using TDL which performs signal processing of a time domain. 
[0016] 

[Embodiment of the Invention] Hereafter, a drawing explains the example of a gestalt of 
operation of this invention. Drawing 1 is the block diagram showing the configuration of the 1 st 
of the control device of the array antenna of the example of a gestalt of operation of this 
invention. The equipment of this drawing is a control unit for controlling the array antenna 1 0 
which consists of two or more antenna elements 10-1 - 10-n (n is a forward integer), and this. In 
addition, although it is applicable also to a two-dimensional array antenna, suppose the control 
unit of the array antenna by this invention that the case where it applies to a 1 -dimensional 
array antenna (regular-intervals linearity array antenna) is shown in order to simplify explanation 
in the example of an operation gestalt shown below. The analog / a digital signal conversion 
means by which 1 1 changes the analog output from an antenna element 10-1 - 10-n into a 
digital signal in this drawing (An A/D-conversion means is called hereafter), a signal 
orthogonalization means for 12 to divide the output of the A/D-conversion means 11 into an I/Q 
rectangular cross channel, and to generate each rectangular signal, A space FFT count means by 
which 1 3 generates rectangular cross multi-beam power from each output of the signal 
orthogonalization means 12, A m-th FFT count means by which 14-1 - 14-n carry out the m 
piece (m is forward integer) rate of each output of the space FFT count means 13, respectively, 
The weighting-factor multiplication means which carries out the multiplication of the weighting 
factor calculated by weighting-factor count means 18 to mention 15-1-1 - 15-m-n later to an 
output the whole subband obtained from each of the m-th FFT count means 14-1 - 14-n, An 
addition means by which 16-1 - 16-m add the subband of the same frequency band among each 
beam power, It is a weighting-factor count means for a reverse FFT count means to restore 1 7 
to the signal of m time domains using m inputs obtained simultaneously, and 18 to make an input 
child the feedback signal 1 9 mentioned later or 20, or to compute a weighting factor 
accommodative. 

[0017] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 1 st of this invention is explained based on drawing 1 . The signal received by 
each antenna element 10-1 - 10~n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 11, and after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 12, it forms a multi-beam with the space 
FFT count means 13. The output of each formed beam is divided into m frequency bands by the 
m-th FFT count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided 
frequency band is called a subband. Since [ of n beam power ] it is divided into the subband of m 
individual, respectively, the subband output of nm individual will be obtained as a result. 
[001 8] And after the multiplication of the obtained subband is carried out by the weighting- 
factor multiplication means 15-1-1 - 15-m-n in a weighting factor, respectively, it adds the 
subband of the same frequency band by each beam power by the addition means 1 6-1 - 1 6-m. 
The obtained output of m pieces is inputted into the reverse FFT count means 1 7, and restores 
the signal of m time domains using m inputs obtained simultaneously. 

[0019] On the other hand, the weighting-factor count means 18 computes a weighting factor 
with a predetermined algorithm by considering a feedback signal 19 or either of 20 as an input, 
and supplies it to the above-mentioned weighting-factor multiplication means 15-1-1 - 15-m-n. 
A feedback signal 19 is a signal which incorporated the above-mentioned addition means 16-1 - 
1 6-m, and a feedback signal 20 is the output of the reverse FFT count means 1 7. 
[0020] Drawing 2 is the block diagram showing the configuration of the 2nd of the control device 
of the array antenna of the example of a gestalt of operation of this invention. In this drawing, 
the same requirements for a configuration as the control unit of the array antenna of drawing 1 
give the same reference mark. As different requirements for a configuration, 21-1 - 21 -m are 
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beam selection means to be established for every subband of the same frequency band between 
each beam from the m-th FFT count means 14-1 - 14-n, and to compare the property for n 
inputted subbands in accordance with predetermined criteria, and to choose the beam power of 
p (p is forward integer and p<=n) individual from a good thing. 

[0021] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 2nd of this invention is explained based on dra wing 2 . The signal received by 
the antenna element 10-1 - 10-n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 11, and after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 12, it forms a multi-beam with the space 
FFT count means 1 3. The output of each formed beam is divided into m bands by the m-th FFT 
count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided band is called a 
subband. 

[0022] Next, the obtained subband output is inputted into the beam selection means 21-1 - 21- 
m for every subband of the same band between each beam. Here, in accordance with 
predetermined criteria, the property is compared for n inputted subbands, and p beam power is 
chosen and outputted from a good thing. Since [ of p selected beam power ] it is divided into the 
subband of m individual, respectively, the subband output of pm individual will be obtained as a 
result. 

[0023] And after the multiplication of the obtained subband is carried out in a weighting factor 
from the weighting-factor multiplication means 15-1-1 - 15-m-p, respectively, it adds the 
subband of the same frequency band by each beam power by the addition means 16-1 - 16~m. 
The obtained output of m pieces is inputted into the reverse FFT count means 17, and restores 
the signal of m time domains using m inputs obtained simultaneously. In addition, about the 
weighting-factor count means 18, it is the same with having mentioned above in the example of a 
gestalt of the 1 st operation. 

[0024] Drawing 3 is the block diagram showing the configuration of the 3rd of the control device 
of the array antenna of the example of a gestalt of operation of this invention. In this drawing, 
the same requirements for a configuration as the control unit of the array antenna of dr awing 1 
give the same reference mark. As different requirements for a configuration, by carrying out over 
sampling technique in A/D conversion in the m~th FFT count means 14-1 - 14-n, the thing 
obtained and the subband whose signal component is lost by the band limit after reception are 
points which are not supplied to the latter part, and 0 [ band ] is written all over drawing. 
[0025] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 3rd of this invention is explained based on drawing 3 . The signal received by the 
antenna element 10-1 - 10-n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 11. Next, after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 12, a multi-beam is formed with the space 
FFT count means 13. The output of each formed beam is divided into m bands by the m-th FFT 
count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided band is called a 
subband. Since [ of n beam power ] it is divided into the subband of m individual, respectively, 
the subband output of nm individual will be obtained as a result. 

[0026] And what is obtained, i.e., the subband whose signal component is lost by the band limit 
after a ****** thing and reception by having sampled on the frequency higher than a Nyquist 
rate, is not supplied to the latter part by carrying out over sampling technique in A/D conversion 
among the obtained subbands. In this way, after the multiplication of the subband with which the 
obtained signal component exists is carried out by the weighting-factor multiplication means 15- 
1-1 - 15-m~n in a weighting factor, respectively, it adds the subband of the same band by each 
beam power by the addition means 16-1 - 16-m. The obtained output of m pieces is inputted 
into the reverse FFT count means 1 7, and restores the signal of m time domains using m inputs 
obtained simultaneously. In addition, about the weighting-factor count means 18, it is the same 
with having mentioned above in the example of a gestalt of the 1st operation. 
[0027] In addition, the configuration of the example of a gestalt of each operation mentioned 
above is a mere example, and can also be configuration the combination of the example of a 
gestalt of each operation, and it can also constitute the combination in arbitration, moreover, the 
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thing to which the example of a gestalt of the operation described above is shown, and limits an 
example of this invention — it is not — this invention — others — deformation — a mode — 
and — modification — it can carry out in a mode. Therefore, the range of this invention is 
specified by only a claim and its equal range. 
[0028] 

[Effect of the Invention] As explained to the detail above, according to this invention, by 
adopting a beam space method and constituting a full reconstruction filter, distortion of the local 
depression in the spectrum of all bands etc. can be avoided, a good beam can be chosen more 
finely, and S/(N+I) of an output signal can be improved as a result. Moreover, the output of the 
subband which does not contain the information signal component only for over sampling 
technique can reduce computational complexity, without dropping delay signal incorporation 
capacity by supposing that it does not adopt. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the control approach of an array antenna and 
equipment which are used for various radiocommunication. 
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PRIOR ART 



[Description of the Prior Art] An ecad array antenna gives directivity strong against a certain 
direction by multiplying and compounding a suitable weighting factor to the signal received by 
each antenna element, or makes it possible not to receive as 0 and to carry out sensibility only 
to the signal which comes from the direction in reverse. By supplying a suitable weighting factor 
according to change of an electric-wave environment, such an antenna performs the optimal 
beam shape **, realizes spatial filtering, and it is used in order to avoid interference with other 
radio communications systems. 

[0003] In recent years, application to the mobile communications of the array antenna using 
digital signal processing attracts attention with development of a digital-signal-processing 
technique and the miniaturization of equipment. When application to mobile communication 
system is taken into consideration, the response to a multi-pass phasing environment poses a 
problem. While canceling spatially an interference signal [ **** / signal / of choice /-less 1 the 
delay signal of the signal of choice should be incorporated, should carry out in-phase synthesis 
to the signal of choice, and should make S/(N+I) of an output signal contribute to an 
improvement ideally. It is known for reference that the in-phase synthesis of a delay signal has 
effective configuration which performs signal processing on the time-axis which used the delay 
element (TDL;Tapped Delay Line) and configuration which performs signal processing on the 
frequency shaft using a full reconstruction filter. In such reference, they are RT.Compton, Jr., 
"The Rela-tionship Between Tapped Delay-Line and FFT Processing in Adaptive Arrays", IEEE 
Transactions on Antennas and Propagation, voL36, No.1, and January 1988. It is. 
[0004] If here shows the conventional array antenna control unit by this reference to drawing 4 , 
the output of each antenna element 41-1 - 41 -Q (Q is a forward integer) will be sampled by A/D 
converter 42-2 - 42-Q with a predetermined sampling frequency, respectively. For every 
antenna element, K samplings obtained by A/D converter 42-2 - 42-Q are once stored in an 
input buffer 43-2 - 43-Q, and are carried out to conversion using FFT 44-2 - 44-Q, and, as for 
K frequency-domain samples of the changed antenna element, the multiplication of the weighting 
factor is carried out respectively. The sample to which the multiplication of the weighting factor 
in every frequency domain of each antenna element was carried out is totaled, is supplied to 
IFFT45, and is reconfigurated by the signal of a time domain. Thus, there is no difference 
essential to the engine performance of two effective configurations mentioned above. However, 
with the configuration which performs frequency band division signal processing, since signal 
processing like the multiplication of a weighting factor to the divided band can be performed to 
juxtaposition and the updating period of a weighting factor can be lengthened, the count load to a 
computer can be mitigated in instrumentation, and it becomes advantageous. 
[0005] In the conventional array antenna which performs frequency band division signal 
processing, an input signal is divided on a frequency shaft, the combination of the filter which 
reconfigu rates this divided signal is needed, and such a filter is called the full reconstruction 
filter. The combination of FFT/IFFT is one of the full reconstruction filters. In case digital signal 
processing is performed, it is effective to adopt the full reconstruction filter by the combination 
of FFT/IFFT also from the problem of a count load. 

[0006] On the other hand, if instrumentation is taken into consideration, relief of the count load 
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to the computer to a weighting-factor computational algorithm will pose an important problem. 
As the relief technique of the count load for obtaining a weighting factor, conventionally, a fixed 
multi-beam is beforehand constituted from the preceding paragraph of a weighting-factor 
computational algorithm, and there is a beam space method which carries out signal processing 
to each beam power. In performing signal processing for beam shape ** of an array antenna, this 
beam space method is the technique of forming a beforehand fixed multi-beam as pretreatment 
not using a component output, and performing signal processing to the output of a beam directly. 
As for such a fixed multi-beam, it is common to be formed of Space FFT in the Butler matrix 
and a digital field in an analog field. Since space division is performed by applying a beam space 
method and using the output of the formed fixed beam, it will concentrate on a specific beam 
and the signal power of choice has the merit from which the input signal which has improved the 
S/N ratio is obtained. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained to the detail above, according to this invention, by 
adopting a beam space method and constituting a full reconstruction filter, distortion of the local 
depression in the spectrum of all bands etc. can be avoided, a good beam can be chosen more 
finely, and S/(N+I) of an output signal can be improved as a result. Moreover, the output of the 
subband which does not contain the information signal component only for over sampling 
technique can reduce computational complexity, without dropping delay signal incorporation 
capacity by supposing that it does not adopt. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although it is a band assembled-die array antenna 
with such a merit, when application to mobile communication system is considered, many delay 
signals of the signal of choice produced according to the multi-pass phasing environment exist 
as a description of the environment, and it is raised that the number is usually over the degree 
of freedom of an array antenna. Such an environment makes it easy to lapse into the local 
solution instead of an optimum solution, as an antenna searches for the weighting factor which 
can perform the optimal reception by a certain approach. The engine performance of an array 
antenna is made to deteriorate as a result. 

[0008] Moreover, when actual instrumentation is taken into consideration, since the number of 
the weighting factors which signal processing takes increases in proportion to the degree of FFT 
which performs the element number of an array, and band division, the degree of a weighting- 
factor computational algorithm becomes large, and a frequency-division mold array antenna 
becomes huge [ computational complexity ]. It is known that the capacity which incorporates the 
delay signal of the signal of choice and carries out in-phase synthesis to the signal of choice 
serves as a direct, the degree of FFT, i.e., number of band division, parameter with the 
configuration which performs time-domain signal processing which used TDL in the configuration 
which performs frequency band division signal processing which uses the die length of TDL, and 
FFT/IFFT, and the amount of delay in which both sides are in confusion, so that it is long will 
become large. However, this is RLS (Recursive Least Squa-re) to which the number of both 
methods of the weighting factors which should be calculated, so that the capacity to incorporate 
a delay signal is investigated will increase, and computational complexity increases to the cube 
of an input signal. Effect is large when adopting an algorithm like law as a weighting-factor 
computational algorithm. 

[0009] On the other hand, if the signal power of choice can be centralized on a specific beam by 
application of the above-mentioned beam space method, the beam power which does not almost 
have the signal power of choice in reverse will also be obtained. Then, after forming a fixed 
multi-beam from the former, predetermined criteria compare each of that output and there is the 
technique of choosing only a good thing and reducing the number of beams. However, with such 
a configuration, since it is aimed at the perimeter wave number band in comparing power and 
S/N, a beam will be chosen, with the distortion of the spectrum on the frequency shaft it is 
supposed that is easy to be generated especially in broadband communication in a multi-pass 
phasing environment included. For this reason, since this distortion will remain as it is when 
some spectrums of all bands are low selectively, in a time domain, distortion remains in a wave. 
[001 0] By this invention's being for solving these troubles, and adopting a beam space method, 
and constituting a full reconstruction filter While being able to avoid distortion of the local 
depression in the spectrum of all bands etc., being able to choose a good beam more finely and 
being able to improve S/(N+I) of an output signal The output of the subband which does not 
contain the information signal component only for over sampling technique aims at offering the 
control approach of an array antenna and equipment which can reduce computational complexity, 
without dropping delay signal incorporation capacity by supposing that it does not adopt. 
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MEANS 



[Means for Solving the Problem] In order to solve the above troubles, this invention applies a 
beam space method to a band assembled-die array antenna. As mentioned above, in performing 
signal processing for beam shape ** of an array antenna, directly, a beam space method forms a 
beforehand fixed multi-beam as pretreatment not using a component output, is the technique of 
performing signal processing to the output of a beam, and has the merit from which the input 
signal which has improved the S/N ratio is obtained. For this reason, when a certain weighting- 
factor computational algorithm searches for the weighting factor which performs the optimal 
reception, it falls and wears in a local solution and there is nothing with Lycium chinense, and it 
becomes easy to search for the combination of a near weighting factor the more nearly optimal. 
[0012] On the other hand, as for the index which chooses the beam choice method in the 
configuration of the conventional beam space method as technique for computational complexity 
relief, the spectrum of all the bands of the input signal concerned had been [ the object of that 
and selection ] applicable why. For this reason, it will be influenced [ distorted ] of the spectrum 
produced in a frequency selective phasing environment. 

[0013] In the control approach of the array antenna which controls the weighting factor of the 
ecad array antenna which forms a radiation beam accommodative as a means for solving this 
trouble according to change of an electric-wave environment accommodative, the multiplication 
of the weighting factor which divided the input signal on the frequency shaft and was controlled 
by the signal of each divided frequency band accommodative is carried out, and each result 
which carried out multiplication is reconfigurated to the signal on a time-axis. Moreover, in the 
control approach of an array antenna of performing digital signal processing, space FFT is given 
to the input signal of each component antenna, a fixed rectangular cross multi-beam is 
generated, the multiplication of the weighting factor which divided each rectangular cross multi- 
beam power of all concerned into the frequency domain, and was controlled by the signal of each 
divided frequency band accommodative is carried out, this multiplication result is totaled for 
every frequency band, each total output for every frequency band is processed, and it restores 
to the signal of a time domain. Therefore, according to this invention, distortion of the local 
depression in the spectrum of all bands etc. is avoided, and a good beam can be chosen more 
finely. 

[0014] Moreover, FFT of a time domain is given to each rectangular cross multi-beam power of 
all, it divides into a frequency domain, reverse FFT processing of each output which totaled the 
multiplication result of having carried out the multiplication of the weighting factor, for every 
frequency band is carried out, and it restores to the signal of a time domain. Furthermore, it 
compares for every frequency band which divided two or more beam power, and only a 
predetermined number of beams are chosen in the light of predetermined criteria. For this 
reason, distortion of the local depression in the spectrum of ail bands etc. is avoided, and a good 
beam can be chosen more finely. As a result, S/(N+I) of an output signal is improvable. 
[0015] Furthermore, when an input signal receives an analog / digital signal conversion in 
performing digital signal processing, as for the sampling frequency in that case, it is common to 
be set up more highly than a Nyquist rate. If this condition is seen on a frequency shaft, the 
subband which does not contain the information signal component only for over sampling 
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technique will be generated. In the subband which originally does not include an information 
signal, most of the components are noises, and it does not have to give and carry out the 
multiplication of the weighting factor. However, it will contribute to incorporation of a delay 
signal. Therefore, each rectangular cross multi-beam power of all is divided into a subband in a 
frequency domain. The subband output which does not contain the signal component of choice 
since the subband output and the signal wishing reception which are acquired by having sampled 
on the frequency higher than a Nyquist rate among the divided subband outputs have received 
the band limit is not supplied to the latter part as 0. The multiplication of the weighting factor 
which supplied only the subband which hits the passband of the signal of choice, and was 
controlled accommodative by the signal for every supplied subband is carried out. As a result, 
the output of the subband produced by over sampling technique is supposing that it does not 
adopt, and it can reduce computational complexity, without dropping delay signal incorporation 
capacity. In addition, the approach of such a computational complexity cutback is impossible with 
the configuration using TDL which performs signal processing of a time domain. 
[0016] 

[Embodiment of the Invention] Hereafter, a drawing explains the example of a gestalt of 
operation of this invention. Drawing 1 is the block diagram showing the configuration of the 1st 
of the control device of the array antenna of the example of a gestalt of operation of this 
invention. The equipment of this drawing is a control unit for controlling the array antenna 10 
which consists of two or more antenna elements 10-1 - 10-n (n is a forward integer), and this. In 
addition, although it is applicable also to a two-dimensional array antenna, suppose the control 
unit of the array antenna by this invention that the case where it applies to a 1 -dimensional 
array antenna (regular-intervals linearity array antenna) is shown in order to simplify explanation 
in the example of an operation gestalt shown below. The analog / a digital signal conversion 
means by which 11 changes the analog output from an antenna element 10-1 - 10-n into a 
digital signal in this drawing (An A/D-conversion means is called hereafter), a signal 
orthogonalization means for 12 to divide the output of the A/D-conversion means 11 into an I/Q 
rectangular cross channel, and to generate each rectangular signal, A space FFT count means by 
which 13 generates rectangular cross multi-beam power from each output of the signal 
orthogonalization means 12, A nv~th FFT count means by which 14-1 - 14-n carry out the m 
piece (m is forward integer) rate of each output of the space FFT count means 1 3, respectively, 
The weighting-factor multiplication means which carries out the multiplication of the weighting 
factor calculated by weighting-factor count means 18 to mention 15-1-1 - 15-m-n later to an 
output the whole subband obtained from each of the m-th FFT count means 14-1 - 14-n, An 
addition means by which 1 6-1 - 1 6-m add the subband of the same frequency band among each 
beam power, It is a weighting-factor count means for a reverse FFT count means to restore 1 7 
to the signal of m time domains using m inputs obtained simultaneously, and 1 8 to make an input 
child the feedback signal 1 9 mentioned later or 20, or to compute a weighting factor 
accommodative. 

[0017] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 1st of this invention is explained based on drawing 1 . The signal received by 
each antenna element 10-1 - 10-n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 11, and after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 1 2, it forms a multi-beam with the space 
FFT count means 13. The output of each formed beam is divided into m frequency bands by the 
m-th FFT count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided 
frequency band is called a subband. Since [ of n beam power ] it is divided into the subband of m 
individual, respectively, the subband output of nm individual will be obtained as a result. 
[0018] And after the multiplication of the obtained subband is carried out by the weighting- 
factor multiplication means 15-1-1 - 15-m-n in a weighting factor, respectively, it adds the 
subband of the same frequency band by each beam power by the addition means 16-1 - 16-m. 
The obtained output of m pieces is inputted into the reverse FFT count means 17, and restores 
the signal of m time domains using m inputs obtained simultaneously. 

[0019] On the other hand, the weighting-factor count means 18 computes a weighting factor 
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with a predetermined algorithm by considering a feedback signal 19 or either of 20 as an input, 
and supplies it to the above-mentioned weighting-factor multiplication means 15-1-1 - 15-m-n. 
A feedback signal 19 is a signal which incorporated the above-mentioned addition means 16-1 - 
16-m, and a feedback signal 20 is the output of the reverse FFT count means 17. 
[0020] Drawing 2 is the block diagram showing the configuration of the 2nd of the control device 
of the array antenna of the example of a gestalt of operation of this invention. In this drawing, 
the same requirements for a configuration as the control unit of the array antenna of drawing 1 
give the same reference mark. As different requirements for a configuration, 21-1 - 21-m are 
beam selection means to be established for every subband of the same frequency band between 
each beam from the m-th FFT count means 14-1 - 14-n, and to compare the property for n 
inputted subbands in accordance with predetermined criteria, and to choose the beam power of 
p (p is forward integer and p<=n) individual from a good thing. 

[0021] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 2nd of this invention is explained based on drawin g 2 . The signal received by 
the antenna element 1 0-1 - 1 0-n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 1 1 , and after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 12, it forms a multi-beam with the space 
FFT count means 1 3. The output of each formed beam is divided into m bands by the m-th FFT 
count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided band is called a 
subband. 

[0022] Next, the obtained subband output is inputted into the beam selection means 21-1 - 21- 
m for every subband of the same band between each beam. Here, in accordance with 
predetermined criteria, the property is compared for n inputted subbands, and p beam power is 
chosen and outputted from a good thing. Since [ of p selected beam power ] it is divided into the 
subband of m individual, respectively, the subband output of pm individual will be obtained as a 
result. 

[0023] And after the multiplication of the obtained subband is carried out in a weighting factor 
from the weighting-factor multiplication means 15-1-1 - 15-m-p, respectively, it adds the 
subband of the same frequency band by each beam power by the addition means 16-1 - 16-m. 
The obtained output of m pieces is inputted into the reverse FFT count means 1 7, and restores 
the signal of m time domains using m inputs obtained simultaneously. In addition, about the 
weighting-factor count means 18, it is the same with having mentioned above in the example of a 
gestalt of the 1 st operation. 

[0024] Dra wi n g 3 is the block diagram showing the configuration of the 3rd of the control device 
of the array antenna of the example of a gestalt of operation of this invention. In this drawing, 
the same requirements for a configuration as the control unit of the array antenna of drawing 1 
give the same reference mark. As different requirements for a configuration, by carrying out over 
sampling technique in A/D conversion in the m-th FFT count means 14-1 - 14-n, the thing 
obtained and the subband whose signal component is lost by the band limit after reception are 
points which are not supplied to the latter part, and 0 [ band ] is written all over drawing. 
[0025] Next, actuation of the control unit of the array antenna in the example of a gestalt of 
operation of the 3rd of this invention is explained based on drawing 3 . The signal received by the 
antenna element 10-1 - 10~n is changed into a digital signal with a predetermined sampling 
frequency by the A/D-conversion means 1 1. Next, after being separated into an I/Q rectangular 
cross channel by the signal orthogonalization means 12, a multi-beam is formed with the space 
FFT count means 13. The output of each formed beam is divided into m bands by the m-th FFT 
count means 14-1 - 14-n on a cycle figure shaft, respectively. Here, the divided band is called a 
subband. Since [ of n beam power ] it is divided into the subband of m individual, respectively, 
the subband output of nm individual will be obtained as a result. 

[0026] And what is obtained, i.e., the subband whose signal component is lost by the band limit 
after a ****** thing and reception by having sampled on the frequency higher than a Nyquist 
rate, is not supplied to the latter part by carrying out over sampling technique in A/D conversion 
among the obtained subbands. In this way, after the multiplication of the subband with which the 
obtained signal component exists is carried out by the weighting-factor multiplication means 15- 
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1-1 - 15-rrr-n in a weighting factor, respectively, it adds the subband of the same band by each 
beam power by the addition means 16-1 - 16-m. The obtained output of m pieces is inputted 
into the reverse FFT count means 1 7, and restores the signal of m time domains using m inputs 
obtained simultaneously. In addition, about the weighting-factor count means 18, it is the same 
with having mentioned above in the example of a gestalt of the 1st operation. 
[0027] In addition, the configuration of the example of a gestalt of each operation mentioned 
above is a mere example, and can also be configuration the combination of the example of a 
gestalt of each operation, and it can also constitute the combination in arbitration, moreover, the 
thing to which the example of a gestalt of the operation described above is shown, and limits an 
example of this invention — it is not — this invention — others — deformation — a mode — 
and — modification — it can carry out in a mode. Therefore, the range of this invention is 
specified by only a claim and its equal range. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the 1 st of the control device of 
the array antenna of the example of a gestalt of operation of this invention. 
[Drawing 2] It is the block diagram showing the configuration of the 2nd of the control device of 
the array antenna of the example of a gestalt of operation of this invention. 

[Drawing 3] It is the block diagram showing the configuration of the 3rd of the control device of 

the array antenna of the example of a gestalt of operation of this invention. 

[Drawing 4] It is the block diagram showing the configuration of the conventional array antenna 

control device. 

[Description of Notations] 

1 0 Array Antenna 

10-1 - 10-n Antenna element 

1 1 Analog / Digital Conversion Means 

12 Signal Orthogonalization Means 

1 3 Space FFT Count Means 

14- 1 - 14-n m-th FFT count means 

15- 1-1 - 15-m-n Weighting-factor multiplication means 

1 6- 1 - 1 6-rn Addition means 

1 7 Reverse FFT Count Means 

18 Weighting-Factor Count Means 
21-1 - 21 -m Beam selection means 
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